Allen et al., 1996 showed that stably transformed cell lines in which a GUS 1 4 2 reporter gene was flanked by the tobacco MAR isolated from a genomic clone 1 4 3 containing a root specific gene (Rb7) (Hall et al., 1991) produced more than 140 1 4 4 times more GUS enzyme activity than control transformants without it. However, 1 4 5 the use of Rb7 did not reduce variation between different transformants. The effect of the Rb7 MAR increasing transgene expression was also reported 1 4 7
by Mankin et al., 2003 , that analyzed in depth the specificity of the results 1 4 8 depending on the promoter used. They reported that highly active promoters 1 4 9 exhibited significant increases in GUS activity in constructs flanked by Rb7 1 5 0 compared to controls, but its presence did not significantly increase GUS 1 5 1 activity when driven by weak promoters. Importantly, most transgenes flanked 1 5 2 by the insulator showed a large reduction in the number of low expressing GUS 1 7 2
Almost 25 years after the description of some of these DNA sequences, their transformation methods with no comparisons to allow for comparison between 1 7 7 them. Targeting transgenes to a specific integration site in the plant genome might 1 8 0 rule out chromosomal position effects, but until there are routine efficient With the advent of modular cloning techniques that allow rapid and straight insulators to the flanks of T-DNAs is no longer a problem. Therefore, we 1 8 7 decided to perform a systematic and parallel study comparing the activity and obtained for library construction. DNA libraries. After that, a dilution to 1 ng/µl was done and the Agilent 2100 bioanalyzer was used to assess the insert size. Finally, a quantitative real-time Genomic DNA of 12 days-old plants of line chiMARs 6.13 was extracted using a 2 7 9
DNeasy Plant Mini Kit (Qiagen). Bisulfite treatment was done using the EZ DNA 2 8 0
Methylation Gold kit (Zymo Research) following the manufacturer's instructions. Percenatge of methylation was calculated as (number of methylated C residues 2 9 1 in each context (CG, CHG or CHH)/total number of C residues in that 2 9 2 context)*100. Since the advent of plant genetic transformation, plant biologists have tried to Taking advantage of the capacities of modular cloning systems, we generated 3 0 8
five identical constructs harboring the firefly luciferase transgene driven by the 3 0 9
constitutive mannopine synthase Agrobacterium gene promoter (pMAS) and ( Figure 1A) . The insulator sequences used in this work were the MAR located 3 1 4
next to the tobacco root specific gene Rb7 (Rb7) A time course study of the LUC expression conferred by the pMAS showed that 3 2 0 its activity was maximum in young seedlings, and decreased rapidly as plants ( Figure 1C ). Our results confirmed previous reports, indicating that all 3 2 7 constructs flanked by insulator elements led to plants with increased transgene 3 2 8 expression ( Figure 1D ). Another property of insulator sequences is their ability to decrease variability 3 3 0 between transgenic lines transformed with the same construct. When the 3 3 1 transgene was flanked by Rb7, chiMAR or TBS, the increase in LUC expression 3 3 2
described above was accompanied also by a statistically significant increase in in relation to the mean within a population (Figures 2A and B ). Line 40.01 from 3 3 5
AtS/MAR10 behaved very differently from the rest in terms of expression 3 3 6 ( Figure 1B ). We confirmed it was an outlier (expression value above 3 3 7 1 2 Q3 + 1.5×InterQuartileRange) and thus, did not consider it for this analysis. When the outlier line data was removed, the presence of AtS/MAR10 flanking 3 3 9
the transgene led to the opposite effect than the rest of insulators, a statistically 3 4 0 significant reduction in the coefficient of variation between lines, or what is the 3 4 1 same, a reduction in inter-line variation (Figures 2A and B) . ( Figure 2D ).
3 5 0
Next, we compared LUC expression in segregating lines from the T2 generation could be observed due to the presence of insulators ( Figure 2E ).
5 6
In an effort to further characterize the insulators lines in more detail than 3 5 7 previous works, we proceeded to perform whole genome re-sequencing (WGR) 3 5 8
in some of the lines obtained by transformation with each construct ( Figure 3A ). The results allowed us to select 21 lines with a single T-DNA insertion locus.
Even though all the lines showed a 3:1 Basta resistance segregation in the T2, 3 6 1
we found three T3 lines in which there were multiple insertions in different 3 6 2
chromosomes, suggesting that some of them were not expressing the outlier line that showed abnormally high LUC expression, had two insertions insertion ( Figure 3B and Table 1) . Surprisingly, integration was not 3 7 0
homogeneous among all chromosomes (we found none of the mapped 3 7 1 insertions to be located in chromosome 2), and for Rb7 lines there was a clear 3 7 2 preference for insertion within chromosome 3 (60%, 3 out of 5 lines) and with 3 7 3
the T-DNA in the 3'->5' direction (100%, 5 out of 5 lines), while for the rest of represented a 31% in each case (5 out of 16 for each) (Table 1 ).
7 6
The existence of a selection bias towards T-DNA integrations in euchromatin where the transgenes used for selection of transformants are expressed has the case for most of the insertions we mapped (insertion sites in euchromatin, state where the T-DNA integration was located ( Figure 3C ). However, 2 lines We performed an analysis of the DNA methylation levels in the junction 3 9 0 between the host genome and the T-DNA insertion for chiMAR line 6.13 and 3 9 1 our results show that the DNA at the insertion site is indeed heavily methylated in the T3 generation, consistent with a boundary role of the insulator (Figure 4) . The data from WGR also allowed us to characterize the genomic sequence 3 9 5 generated as a result of the T-DNA integration, and we could observe that for 8 3 9 6
out of 17 of the lines that contained insulator sequences, we had evidence of a 3 9 7 lack of precision in the insertion of the RB, while that was not the case for any of 3 9 8 the 4 control lines (Table 2 ). 3 out of 5 of the AtS/MAR10 lines contained vector study differs basically from these other works. First, in our system we have used we analyze T3.
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In fact, it is striking that AtS/MAR10 is able to diminish inter-line variance, heterochromatin, a phenomenon that prevents transformant recovery. Our On the other hand, the observation of an increased frequency of truncated T- AtS/MAR10 cannot be explained by this rationale, though, and further 4 6 8 experiments will be necessary to understand it. As a general conclusion, we can state that there are many different insulators In our experimental setup, the best performing insulators were Rb7 in terms of Hall, G., Allen, G.C., Loer, D.S., Thompson, W.F., Spiker, S., 1991 Mankin, S.L., Allen, G.C., Phelan, T., Spiker, S., Thompson, W.F., 2003 . Mlynarova, L., Jansen, R.C., Conner, A.J., Stiekema, W.J., Nap, J.P., 1995. Mlynarova, L., Loonen, A., Heldens, J., Jansen, R.C., Keizer, P., Stiekema, Hanley-Bowdoin, L., Thompson, W.F., Allen, G.C., 2014. In vivo mapping Fig.1 .20 chiMARs 0711 4 5,558,851 3' à 5' 1bp 8 Sup. Fig.1.21 
